Schiff bases containing N, S donor atoms and their metal complexes have received considerable attention owing to their potent biological activity as anti-fungals, [1] [2] [3] [4] anti-virals, 5 anti-malarials, 6, 7 and most notably, as anti-tumor agents.
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For example, thiosemicarbazones (tsc) show a wide range of biological properties depending on the parent aldehyde or ketone; if these are heterocyclic aromatic system, their nature seems to enhance their activity. 11 Tsc usually bind to a metal ion as bidentate N,S-donor ligands, when a third donor site is incorporated into the ligands, like tsc of 2-acetylpyridine, normally N,N,S-tricoordination takes place. The π-delocalization of charge and the configurational flexibility of their molecular chain can give rise to a great variety of coordination modes. In this work, the schiff base (acpymdtcH) derived from 2-acetylpyridene and S-methyldithiocarbazate was taken as trifunctional (N,N,S) monobasic ligand. This ligand shown in thione (I) and thiol (II) form is of important because their coordination mode.
Although many metal-schiff base complexes have been reported, The 1D, 2D, and 3D networks of coordination polymers linked through the bridging of ligands such as dicyanamide, N(CN) 2 − as coligand have been little published. 12, 13 In the process of working to extend the dimensionality of the metal-schiff base complexes using benzilic acid (BA) as a bridging ligand, we obtained three different metal -Mn(II), Co(III), and Ni(II) -complexes of acetylpyridine based dithiocarbazate ligand. Therefore, we report here the synthesis and crystal structures of three Mn(II), Co(III), and Ni(II) complexes with acpy-mdtc − ligand. Thermal properties of the complexes are also discussed.
Experimental Section
All chemicals are commercially available and were used as received without further purification. Elemental analyses (CHNS) were performed on a Vario EL EA-Elementar Analyzer. Infrared spectra were recorded in the range from 4000 to 400 cm were obtained by the method described in the above procedures. Structural measurement for the complexes was performed on a Bruker SMART APEX CCD diffractometer using graphite monochromatized Mo-Kα radiation (λ = 0.71073 Å) at the Korea Basic Science Institute. A multiscan absorption correction was applied using the SADABS program.
14 The structures were solved by direct method and refined on F 2 by full-matrix least-squares procedures using the SHELXTL programs, 15 respectively. All non-hydrogen atoms were refined using anisotropic thermal parameters. CH Hydrogen atoms were included in the structure factor calculation at idealized positions by using a riding model, but not refined. Images were created with the ORTEP. 16 The crystallographic data for the complexes of 3 and 4 are listed in Table 1 
Results and Discussion
The complexes of 1-4 were prepared from the methanolic solution of M(ClO 4 ) 2 ·xH 2 O (M = Mn, Co, and Ni), acpymdtcH, and BA. Our first aim in this work was to obtain the 1D network coordination polymers which metal centers are bridged by the benzilic acid as mixed ligand. However, the benzilic acid present in the initial reaction mixture was not found in the crystalline product, except the solid product of 1. Unfortunately, attempts to obtain the product containing the benzilic acid and to improve yields by varying stoichiometry, temperature, and other reaction parameters proved to be generally unsuccessful. The formula of the solid product of 1 was identified as [Mn(acpy-mdtc)(BA)] containing benzilic acid by elemental analysis. Many attempts to prepare crystalline complex suitable for x-ray diffraction were unsuccessful. The crystalline product of 2 was previously reported from the reaction of Mn(O 2 CCH 3 ) 2 ·4H 2 O and acpymdtcH ligand in the methanolic solution. 17 The crystallographic data were accordance with those for a previous compound. In complex 3, the oxidation state of cobalt is +3 in contrast to Co(II) of starting material. This oxidation to Co(III) can be assumed that the starting Co(II) salt undergoes aerial oxidation in the presence of the dithiocarbazate ligand in methanolic solution during preparation of the complex.
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Description of the Structures. Ortep representations of the complex 3 and 4 with atom numbering schemes are The two Ni(II) centers are doubly bound together by thiolate sulfur atoms of the deprotonated schiff base. The S1 atom weakly coordinated in the axial position with the distance of 2.862 (Ni2-S1), giving the square pyramid of Ni2N 2 S 3 . The distance between the two non-bonded Ni(II) centers is 3.473 Å. The bond lengths are similar to those of other six-coordinate distorted octahedral nickel(II) complexes of tridentate sulfur-nitrogen donor ligands. [Ni(qaldsme) 2 ]·0.5CH 3 CN (GALDSME = anionic form of the 2-quinoline carboxyaldehyde schiff base of S-methyldithiocarbazate),
23 the complex 4, to our knowledge, is the first example of nickel(II) schiff base with two crystallographic independent Ni(II) centers in the asymmetric unit. Dimeric Ni(II) complex with 5-and 6-coordination compared to Mn(II) and Co(III) presumably due to the different preferable coordination numbers: 4 or 6 for Ni and 6 for Mn(II) and Co(III).
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In all the complexes the C(8)-S(1) [C(17)-S(3)] bond distances appear to be longer than those reported for free thiosemicarbazones, such as 1.678(2) Å in 4-formylpyridinethiosemi carbazone 25 and 1.684(4) Å in 2-keto-3-ethoxybutyraldehyde-bis(thiosemicarbazone). 26 The C( (5); Ni1-N2, 2.084(6); Ni1-N5, 2.105(6); Ni1-S1, 2.399(2); Ni1-S3, 2.495(2); Ni2-N7, 1.860(5); Ni2-N8, 1.934(6); Ni2-S5, 2.163(2); Ni2-S3, 2.211(2); C8-S1, 1.705 (7); C17-S3, 1.778 (7); C8-N3, 1.314(3); C17-N6, 1.273(9); C1-N1, 1.286(9); N4-C10, 1.274(9); C26-S5, 1.736 (7); C26-N9, 1.299(9); C19-N7, 1.287(9); N1-Ni1-N2, 78.9(2); N1-Ni1-N4, 176.3(2); N1-Ni1-N5, 100.8(2); N1-Ni1-S1, 82.5(2); N1-Ni1-S3, 100.5(2); N2-Ni1-S1, 161.5(2); N5-Ni1-S3, 158.7(2); S1-Ni1-S3, 94.1(1); N2-Ni1-S3, 88.9(2); N2-Ni1-N5, 95.5(2); N5-Ni1-S1, 88.2(2); N7-Ni2-N8, 83.1(2); N7-Ni2-S5, 86.5(2); S5-Ni2-S3, 95.8(1); N8-Ni2-S3, 94.6(2); N8-Ni2-S5, 167.9(2); N7-Ni2-S3, 177.7(2); Ni2-S3-Ni1, 94.9(1).
Notes as thiol form. 18 In the structures of 3 and 4 the sulfur and acetylpyridine nitrogen atoms are positioned cis to each other while the azomethine nitrogen atoms are trans oriented to each other, i.e., the ligands coordinate the metal in a meridional fashion.
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The IR spectrum of the free acpy-mdtcH has several prominent bands appearing at ca. 3149, 1628, and 1509 cm −1 , due to ν (N-H), ν (C=N), and ν (C=S) stretching modes, respectively. 30 On complexation for the complexes of 1, 3, and 4, both bands of ν (N-H) and ν (C=S) disappeared, and the ν (C=N) band shifted to 1614 (for 1), 1600 (for 3), and 1599 cm −1 (for 4), respectively. These results indicate NNS coordination mode of the ligand in the thiol form. In addition, the bands 3111cm −1 for 3 and 3421, 3041 cm −1 for 4 can be assigned to the H 2 O for 3 and CH 3 OH molecule stretching vibrations for 4, respectively.
Thermal properties of the complexes were observed in flowing N 2 atmosphere from room temperature to 800 o C, respectively. While, the complex 4 is stable up to 240 o C and then it undergoes three steps decomposition process for all organic ligands to 560 o C. The total weight loss is 85.81% (calculated value 83.79%). The DTA pattern shows three exothermic processes with the maximum at 250, 362, and 507, respectively.
In conclusion, by the reactions of metal(II) ion and acpymdtcH in methanol solution, three NNS donor system complexes, [Mn(acpy-mdtc)(BA)] (1), [Co(acpy-mdtc) 2 ]-ClO4·0.5H2O (3) and [Ni2(acpy-mdtc)3]ClO4·CH3OH (4) are isolated. It is noteworthy that two structurally different nickel(II) centers are connected through schiff base ligands in complex 4. This complex is, to our knowledge, the first example of dimeric nickel(II) schiff base complex.
